Photochemical degradation contributes to the environmental fate of many pesticides, chemicals, and industrial waste in surface waters. Photochemical degradation (PCD) of nitrobenzene (NB) has been studied using a UV light source and Fenton's reagent under different experimental conditions. The effect of concentration on PCD of NB was monitored and recorded in the range 0.5 x 10 -4 M to 3.0 x 10 -4 M. The concentration of H2O2 was performed from 5.0 x 10 -4 M to 2.5 x 10 -4 M and Fe(II) from 1.0 x 10 -4 M to 5.0 x 10 -4 M, respectively. In terms of concentration, the absorbance increases with increasing the concentration of the solution of NB, H2O2 and Fe(II). The initial rate of PCD was recorded at fixed pH 2.42 of solution. Two optima for pH were found for PCD of nitrobenzene ranging from pH 2.42 to 4.20. The intermediates formed during PCD of NB were identified, by which a mechanism was then suggested that PCD is actually found to follow pseudo-first-order kinetics.
INTRODUCTION
In the last decade since 2004, Bangladesh averaged a gross domestic product (GDP) growth of 6.5% that has been largely achieved by its exports ready-made garments, remittances, and the agricultural sector (1,2). Textiles and garments industries are key major export oriented sectors of the country along with other exporting goods like fish, sea-food, jute, and leather. The country also developed self-sufficient industries in pharmaceuticals, steel, and food processing (1) (2) (3) . Being on the path of a medium developing country, all the structures in any sector are not set-up well. Most of these industries are situated in Dhaka, Chittagong, Khulna, Gazipur, and Narayangong cities which have the Buriganga, the Karnaphuli, the Shitalokkha, and the Poshur rivers, respectively (4, 5) . These rivers are related, directly or indirectly, to the survival of about fifty million people. More than 60,000 cubic meters of toxic waste, including a majority of textile dying, printing, washing, and pharmaceuticals, are being released into the main water bodies of Dhaka, Chittagong, and Narayangong cities everyday (6, 7) . The waste water and industrial waste turned into the river water cause river pollution so human health remains under risk from contaminated water (8, 9) .
Wastewater from manufacturing or chemical processes in industries add to the water pollution (9) . Because of being comparatively steady chemical structures of aromatic dyes (10) . Most of the commercially available dyestuffs are not favorable to decompose and therefore cause severe contamination to the drinking water and irrigation systems (10) (11) (12) (13) (14) . Many of the dyestuffs have even been identified as harmful for human body and environment, and thus severe attention have been raised about it. Industrial waste water usually contains specific and readily identifiable chemical compounds (15) . During the last five decades, a large the number of industries in Bangladesh has grown rapidly in both chemical and agricultural fields. The growth of textile (16) , pharmaceutical, and garment industries are the highest among all the industries (1, 17) . Nitrobenzene (NB) is one of the frequently used chemical for aniline manufacturing, solvent in the manufacturing paints, shoe polishes, floor polishes, metal polishes, explosive, rubber making, textile, pesticide, cosmetic, and pharmaceutical purposes (such as acetaminophen) (8, (18) (19) (20) (21) (22) (23) . NB is a highly toxic organic pollutant (24) . NBs and their derivatives cause several harmful health effects, for example, nitrobenzene can reduce the ability of blood to carry oxygen because it causes methemoglobinemia (8, 19 ). Repeated exposure to high level of it may cause anemia, development of bluish colour in the skin, headache, nausea, weakness, sleepiness, vomiting, grouchiness, and dizziness (25) . Experimental studies in animals showed that 1,3-dinitrobenzene and 1,3,5-trinitrobenzene cause male reproductive damage and may reduce sperm production (25) . 4-Chloronitrobenzene has been identified as a potent hemoglobin toxicant, whereas 2-chloronitrobenzine is a potent hepatotoxicant (23) . For this reason, it was selected to be the model pollutant in this study. General treatments of such polluted wastewater include adsorption (26) , ozonization (27) , or biodegradation (20) , but water pollution is concentrated within a few sub sectors, mainly in the form of toxic wastes and organic pollutants (24) . Out of this, a large portion can be traced to the processing of industrial chemicals and to the food products industry. In fact, a number of large and medium sized industries in the region are connected to the Buriganga, the Karnaphuli, and the Shitolokha rivers. Action Plan does not have adequate effluent treatment facilities (16) . Most of the heavy industries have effluent treatment facilities by effluent treatment plant (ETP). But small and medium scale industries usually are not concern about pollution control and unable to afford huge cost of waste water treatment equipment as their profit margin is very small. They require further treatments and are very prone to cause secondary pollution (16) .
In order to remove colour from waste water, it is necessary to find an efficient technique of industrial effluents' treatment (10, 28) . A number of physical and chemical methods has been reported for the removal of dye compounds, mainly nitrobenzene and its derivatives (27, 29) such as adsorption on carbon (26) , biodegradation (20) , ozonization (27) and advanced oxidation processes (AOPs) (30, 31) such as Fenton and photo-Fenton catalytic reactions (32), H2O2/UV processes, and semiconductor photo catalysis (13, 27, 33) . Highly reactive species such as hydroxyl radicals (·OH) are produced by advanced oxidation methods. For rapid and non-selective oxidation of organic molecules, hydroxyl radical is a very powerful oxidant that can oxidize organic compounds into carbon dioxide and water, so it is capable to decompose pollutants efficiently. Among the AOPs homogeneous photocatalytic oxidation using Fenton has been widely studied. H2O2 is a very efficient, relatively cheap, commercially available, and chemically stable photo-catalyst (34) . 
MATERIALS AND METHODS

Used chemicals
Determination of the percentage (%) degradation by UV-Vis spectra of NB
In each experiment, the % degradation was calculated after 30 minutes using the (Eq. 1)
Here, Ao = absorbance at time = 0 min, and At= Absorbance at t = 30 min. Table 1 , which
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shows that with increasing the concentration of NB, the absorbance increases. The absorption of different concentrations with respect to time were recorded in Table 2 , which gives evidence that at high concentrations the absorption increases. Furthermore, with increasing time both the concentration and absorption decrease. As the concentration of NB increases both the rate constant and the initial rate increase. This might be due to the following reactions taking place. The reactions shown in (Eq. 2) and (Eq. 3) are important to produce OH . Radicals. When the ratio of H2O2/Fe(II) is 10/1, the initial rates observed, during the increasing concentration of NB, when compared with the values obtain using the ratio to be 50/1, it was found that the initial rates were increased at higher rate of H2O2 / Fe(II) but the percentage of degradation was found to 35% during 30 minutes in both cases. Although it was expected that at a higher ratio of H2O2/Fe(II) the higher the rate of degradation percentage would be, but practically it did not happen. This might be due to the scavenging effect of OH . radicals at higher concentrations of H2O2. Reactions shown in (Eq. 4), (Eq. 5) and (Eq. 6) might occur under that condition:
However, it can be concluded that the rate always increased because there was a high concentration of OH . radicals available to degrade NB.
Effect of pH on photo degradation of NB
The effect of pH was studied by varying the pH of the solution from 1.5 to 7.0 keeping the initial concentration of NB, Fe(II) and H2O2 constant, the values were 3.0 x 10 -4 M, 5.0 x 10 -4 M, and 2.50 x 10 -3 M respectively. It was observed that with the increase of pH the initial rate was increased at pH 2.50 but further increases of pH caused the decrease of initial rate of % degradation. Table 4 suggests 2.50 to be the optimal pH. At this pH 75% degradation was observed in less than 2 hours. The low removal rate at pH values 2.50 might be due to the following reaction (Eq. 7) taking place:
100 mL (3.0 × 10 -4 M) NB solution was taken in 100 mL volumetric flasks and desired pH was controlled by the addition of hydrochloric acid or sodium hydroxide solution.
Absorbance of each of the solutions at different pH was recorded in Table 3 , where the concentration of nitrobenzene is 3.0 × 10 -4 M and reference was water at temperature 31 °C. The decrease of the degradation rate beyond pH 2.5 might be due to the coagulation of Fe 3+ complex formed in the reaction which reduces the amount of Fe 2+ for catalysis. When the concentration was changed to one third of the earlier value, the optimum pH was shifted to 4.2, Table 4 shows that, % degradation was above 90. S. H. Lin et al. (38) has also studied the effect of pH for treatment of wastewater by Fenton process and reported 3.0 as optimum pH.
At higher pH values, there might be the possibility of direct reaction between NB and Fe(III) complexes.
This might be the reason for a higher degradation rate at pH 4.2
Effect of H2O2 concentration on photo degradation of NB
The kinetics of photo degradation were studied using the effect of 
Estimation of rate constant and reaction kinetics with degradation of NB
Percentage (%) of degradation of NB has been studied at pH 1.5, 2.0, 2.5 and 3.0. over 60 minutes. In all pH studied, degradation of NB follows a nearly similar order. Among them, percentage (%) of degradation of NB at pH 2.5 is tabulated in Table 5 . The results clearly demonstrate that NB significantly decomposed and more than 70% of the initial nitrobenzene disappeared within 60 minutes. 
Product analysis
Product analysis (Figure 1) shows that the degradation of NB follows a conjugative state.
The intermediate compound during the experiment was authenticated and found to be PNP.
The degradation of NB might follow the following mechanism: 
CONCLUSION
The dependence of percent photodegradation of NB, on initial concentration of NB solution, was studied. The investigation showed that the percentage of photodegradation of NB increases with the increase of initial concentration of NB solution. This is due to the fact that the concentrations of H2O2 and Fe (II) were comparable to NB concentration so that enough . OH radicals were produced to oxidize NB throughout the concentrations used.
The effect of concentration of H2O2 on photodegradation of NB was studied and it has been observed that the initial rate of photodegradation of NB increases with the increased concentration of H2O2. But the increasing rate was not significant due to some scavenger reactions. Similarly, it was found that the photodegradation of NB increases with the increasing concentration of Fe 2+ suggesting the product of . OH via reaction of Fe(II) + H2O2
was important.
The effect of pH on photodegradation of NB solution was studied by varying the pH from 1.0 to 7.0 and it has been deduced that the percent photodegradation was maximum at the pH 2.42 and pH 4.20. The product analysis suggests that the degradation follows stepwise reactions.
NB  X  Degraded product.
The disappearance of NB follows pseudo-first-order kinetics.
Conclusively, the present method may be used for the destruction of organic compounds discharged from various industries.
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